NMR studies of echinomycin bisintercalation complexes with d(A1-C2-G3-T4) and d(T1-C2-G3-A4) duplexes in aqueous solution: sequence-dependent formation of Hoogsteen A1.T4 and Watson--Crick T1.A4 base pairs flanking the bisintercalation site.
We report on two-dimensional proton NMR studies of echinomycin complexes with the self-complementary d(A1-C2-G3-T4) and d(T1-C2-G3-A4) duplexes in aqueous solution. The exchangeable and nonexchangeable antibiotic and nucleic acid protons in the 1 echinomycin per tetranucleotide duplex complexes have been assigned from analyses of scalar coupling and distance connectivities in two-dimensional data sets recorded in H2O and D2O solution. An analysis of the intermolecular NOE patterns for both complexes combined with large upfield imino proton and large downfield phosphorus complexation chemical shift changes demonstrates that the two quinoxaline chromophores of echinomycin bisintercalate into the minor groove surrounding the dC-dG step of each tetranucleotide duplex. Further, the quinoxaline rings selectively stack between A1 and C2 bases in the d(ACGT) complex and between T1 and C2 bases in the d(TCGA) complex. The intermolecular NOE patterns and the base and sugar proton chemical shifts for residues C2 and G3 are virtually identical for the d(ACGT) and d(TCGA) complexes. A change in sugar pucker from the C2'-endo range to the C3'-endo range is detected at C2 on formation of the d(ACGT) and d(TCGA) complexes. In addition, the sugar ring protons of C2 exhibit upfield shifts and a large 1 ppm separation between the H2' and H2" protons for both complexes. The L-Ala amide protons undergo large downfield complexation shifts consistent with their participation in intermolecular hydrogen bonds for both tetranucleotide complexes.(ABSTRACT TRUNCATED AT 250 WORDS)